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Specification 

Title of the Invention 

[0001] Scanning Optical System 

Background of the Invention 

[0002] The present invention relates to a scanning 
optical system configured to simultaneously deflect a 
plurality of light beams and to converge the plurality of 
beams on a scan target surface. 

[0003] Such a scanning optical system is referred to as 
a multi-beam scanning optical system. Since the multi-beam 
scanning optical system forms a plurality of scan lines on 
the scan target surface by simultaneously deflecting the 
plurality of beams on one reflective surface of a deflector 
(e.g., a polygonal mirror), Imaging speed (i.e., printing 
speed) can be enhanced. 

[0004] In this specification, a direction in which a 
beam spot is scanned on the scan target surface is referred 
to as a main scanning direction, and a direction 
perpendicular to the main scanning direction on the scan 
target surface is referred to as an auxiliary scanning 
direction . 



1 



UJ-l U-Zl ; 9 : 0 0 PM , MAT SUOK A & Co. 



Greenblum&Bernstei ; 0^23726858 



# 4/4 7 



[00051 Japanese Provisional Publication No. SHO 57-54914 
(document 1) discloses a multi-beam scanning optical system 
in which a single light emitting device having a plurality 
of light emitting points is employed. 

[0006] Japanese Provisional Publication No. SHO 61-15119 
(document 2) discloses another type of the multi-beam 
scanning optical system in which a plurality of light 
emitting devices each of which has a single light emitting 
point are provided. 

[0007] In both cases of the scanning optical systems 
disclosed in the document 1 and the document 2, space 
between adjacent light emitting points can not be shortened 
under a certain limit determined by a dimensional 
requirement of the light emitting device. Therefore, if a 
multi-beam scanning optical system is configured such that 
the light emitting points are arranged along a line 
parallel with the auxiliary scanning direction by using the 
conventional light emitting device, imaging quality is 
deteriorated. The reason is that a plurality of scan lines 
formed on a scan target surface by the beams passing 
through a line image forming lens and an imaging optical 
system deviate from each other without overlapping with 
respect to each other. 

[0008] For this reason, several techniques to make the 
scan lines overlap one another have been proposed. A first 
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technique is to increase diameters of beam spots on the 
scan target surface by locating an aperture stop for each 
beam at a pupil position of the line image forming lens . 
[0009] However, the first technique has a problem that 
considerable part of light energy of the beam emitted from 
each light emitting point is lost by the aperture stop. 
[0010] A second technique is to reduce intervals of the 
beam spots in the auxiliary scanning direction by inclining 
a direction of alignment of the plurality of light emitting 
points with respect to the auxiliary scanning direction. 
[0011] Although the second technique enables to reduce 
intervals of the scan lines, it raises a problem that a 
direction of the major axis of each beam of a semiconductor 
laser in far field (i.e., a direction of the major axis of 
the beam spot on the scan target surface) becomes 
substantially perpendicular to the auxiliary scanning 
direction. To avoid this phenomenon, it is required to 
employ an anamorphic optical system or an aperture stop 
having the form of a slit for directing the major axis of 
the beam spot to be parallel with the auxiliary scanning 
direction . 

[0012] To employ the anamorphic optical system in the 
multi-beam scanning optical system increases manufacturing 
cost of the multi-beam scanning optical system. To employ 
the aperture stop having the form of the slit reduces 
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efficiency of use of light power of the laser beams . 
[0013] Even though a diameter of each beam spot can be 
increased by increasing a lateral magnification of the 
whole scanning optical system, an increase of the lateral 
magnification also increases the intervals of the beam 
spots. Accordingly, in this case, to make the scan lines 
overlap one another is impossible. 

Summary of the Invention 

[0014] The present invention is advantageous in that it 
provides a multi-beam scanning optical system which makes 
scan lines on a scan target surface overlap one another 
without employing an expensive anamorphic optical system 
and without loss of light power of laser beams. 
[0015] According to an aspect of the invention, there is 
provided a scanning optical system for emitting a plurality 
of beams scanning in a main scanning direction. The 
scanning optical system includes a first and a second light 
emitting devices each of which has a linear array of light 
emitting points, a collimator lens system that collimates 
each of the plurality of beams emitted from the plurality 
of light emitting points of the first and second light 
emitting devices, and a first optical system that converges 
the plurality of beams emerged from the collimator lens 
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system in an auxiliary scanning direction which is 
perpendicular to the main scanning direction. The scanning 
optical system further includes a deflector that deflects 
the plurality of beams emerged from the first optical 
system to scan in the main scanning direction, and a second 
optical system that converges the plurality of beams 
deflected by the deflector on a scan target surface to form 
a plurality of beam spots scanning in the main scanning 
direction. 

[0016] In the above structure, the first optical system 
forms a plurality of line-like images in the vicinity of 
the deflector. Further, the first and second light emitting 
devices are positioned such that the linear array of light 
emitting points of each of the first and second light 
emitting devices is aligned in parallel with the auxiliary 
scanning direction and that the beam spots formed by the 
plurality of beams emitted by the first light emitting 
device and the beam spots formed by the plurality of beams 
emitted by the second light emitting devices are 
alternately arranged on the scan target surface in the 
auxiliary scanning direction. 

[0017] With this configuration, the beam spots formed by 
the beams of the first light emitting device and beam spots 
formed by the beams of the second light emitting devices 
are alternatively arranged on the scan target surface in 
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the auxiliary scanning direction. Therefore, it is possible 
to make scan lines on the scan target surface overlap one 
another. 

[0018] Optionally, an incident angle of each beam 
emitted by the first light emitting device and an incident 
angle of each beam emitted by the second light emitting 
device with respect to the deflector may be different from 
each other in a plane perpendicular to the auxiliary 
scanning direction. 

[0019] In a particular case, the first optical system 
may include a first cylindrical lens having optical power 
in the auxiliary scanning direction, and a second 
cylindrical lens having optical power in the auxiliary 
scanning direction. Further, the first cylindrical lens is 
located on a light emitting device side and the second 
cylindrical lens is located on a deflector side. 
[0020] Optionally, the first cylindrical lens may have 
negative power, and the second cylindrical lens may have 
positive power. 

[0021] Alternatively or additionally, the second 
cylindrical lens may satisfy a condition: 

-1.2 < m cL2 < -0.8 
where m cL2 represents a magnification of the second 
cylindrical lens in the auxiliary scanning direction. 
[0022] In a particular case, each beam emitted by the 
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first light emitting device and each beam emitted by the 
second light emitting device may pass through the first 
optical system at different positions in the main scanning 
direction. Further, an angle of inclination of at least one 
of the first cylindrical lens and the second cylindrical 
lens with respect to an optical axis of the collimator lens 
system in a plane perpendicular to the auxiliary scanning 
direction may be adjustable so that a magnification of the 
scanning optical system in the auxiliary scanning direction 
with respect to the light emitting points of the first 
light emitting device and a magnification of the scanning 
optical system in the auxiliary scanning direction with 
respect to the light emitting points of the second light 
emitting device can be adjusted to values different from 
each other. 

[0023] Still optionally, a position of at least one of 
the first cylindrical lens and the second cylindrical lens 
along an optical axis thereof may be adjustable. 
[0024] In a particular case, the scanning optical system 
may include a supporting unit that supports the first and 
second cylindrical lenses at both ends of each of the first 
and second cylindrical lenses in the main scanning 
direction such that a position of each of the first and 
second cylindrical lenses along an optical axis of the 
collimator lens system can be adjusted, the supporting unit 
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being fixed in the scanning optical system. 

[0025] In a particular case, the scanning optical system 
may include a frame to which the first light emitting 
device, the second light emitting device, the collimator 
lens system, the first optical system, the deflector, and 
the second optical system are fixed. Further, the scanning 
optical system may include a supporting unit that supports 
the first and second cylindrical lenses at both ends of 
each of the first and second cylindrical lenses in the main 
scanning direction such that an angle of inclination of 
each of the first and second cylindrical lenses with 
respect to an optical axis of the collimator lens system in 
a plane perpendicular to the auxiliary scanning direction 
can be adjusted, the supporting unit being fixed to the 
frame . 

[0026] In a particular case, each of the first and 
second light emitting devices is a semiconductor laser 
array. 

[0027] In a particular case, the first light emitting 
device and the second light emitting device are shifted 
from each other by a shift amount which is 1/2 of a pitch 
of adjacent light emitting points of each of the first and 
second light emitting devices in the auxiliary scanning 
direction. 
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Brief Description of the Accompanying Drawings 

[0028] Fig. 1 is a top view of a scanning optical system 
according to an embodiment of the invention; 

[0029] Fig. 2 is a side view of the scanning optical 
system shown in Fig. 1; 

[0030] Fig. 3 illustrates positions of beam spots formed 
by beams emitted from light emitting points of 
semiconductor lasers on the scan target surface; 
[0031] Fig. 4A is a graph illustrating an f8 error of a 
second optical system according to a first example; 
[0032] Fig. 4B is a graph illustrating curvature of 
field of the second optical system according to the first 
example; 

[0033] Fig. 5 is a top view of a scanning optical system 
according to a second example; 

[0034] Fig. 6A is a graph illustrating an f9 error of a 
second optical system according to the second example; and 
[0035] Fig. 6B is a graph illustrating curvature of 
field of the second optical system according to the second 
example . 

Detailed Description of the Embodiments 

[0 036] Hereinafter, an embodiment according to the 
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invention axe described with reference to the accompanying 
drawings . 

[0037] Fig. 1 is a top view of a scanning optical system 
1 according to the embodiment of the invention. Fig. 2 is a 
side view of the scanning optical system 1 . As shown Figs . 
1 and 2, the scanning optical system 1 includes a light 
source 10, collimator lenses 13 and 14, a first optical 
system (a line image forming lens) 17, a polygonal mirror 
20 which functions as a deflector, and a second optical 
system (an imaging optical system) 30. 

[0038] The light source 10 includes semiconductor laser 
arrays 11 and 12 each of which has a plurality of light 
emitting points (a linear array of light emitting points) 
from which a plurality of beams are emitted. The beams 
emitted by the light source 10 are collimated by the 
collimator lenses 13 and 14, respectively. Each beam 
emerged from the collimator lens 13 (14) is converged in 
the auxiliary scanning direction (i.e., a direction 
parallel with a rotational axis 20a of the polygonal mirror 
20) by the first optical system 17 having refractive power 
only in the auxiliary scanning direction. Consequently, a 
plurality of line -like images are formed in the vicinity of 
a reflective surface of the polygonal mirror 20. 
[0039] The polygonal mirror 20 having a plurality of 
reflective surfaces rotates about the rotational axis 20a 
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to dynamically deflect the beams incident thereon within a 
predetermined angular range. Each beam deflected by the 
polygonal mirror 20 is converged by the second optical 
system 3 0 onto a photoconductive drum (hereafter, referred 
to as a scan target surface S) to form a beam spot scanning 
in the main scanning direction. 

[0040] Hereafter, a plane which is parallel with the 
main scanning direction and includes an optical axis of the 
second optical system 30 is referred to as a main scanning 
plane, and a plane which is perpendicular to the main 
scanning plane and Includes the optical axis of the second 
optical system 30 is referred to as an auxiliary scanning 
plane . 

[0041] As shown in Fig. 1, the semiconductor lasers 11 

and 12 are located adjacent to each other when they are 
viewed along a line parallel with the rotation axis 20 a of 
the polygonal mirror 20. More specifically, the 
semiconductor lasers 11 and 12 are positioned such that the 
beams respectively emitted by the semiconductor lasers 11 
and 12 and passed through the first optical system 17 
impinge on the reflective surface of the polygonal mirror 
20 with incident angles of the beams with respect to the 
reflective surface being different from each other. Further, 
the beams emerged from the first optical system 17 
intersect with each other, in the main scanning plane, in 
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the vicinity of the reflective surface of the polygonal 
mirror 20. 

[0042] The plurality of light emitting points (for 
example, two light emitting points) of each of the 
semiconductor lasers 11 and 12 are aligned along a line 
parallel with the auxiliary scanning direction (see Fig. 2). 
The semiconductor lasers 11 and 12 have the same 
configuration. With regard to the auxiliary scanning 
direction, the semiconductor lasers 11 and 12 are shifted 
by 1/2 of a pitch between adjacent light emitting points of 
each semiconductor laser with respect to each other. That 
is, four light emitting points having intervals of 1/2 of 
the pitch of the light emitting points of each 
semiconductor laser are aligned in the auxiliary scanning 
direction when the four light emitting points are viewed 
along a line perpendicular to the auxiliary scanning 
direction. 

[0043] As shown in Fig. 2, the first optical system 17 
includes a cylindrical lens 15 having negative power in the 
auxiliary scanning direction and a cylindrical lens 16 
having positive power in the auxiliary scanning direction. 
As described above, total refractive power of the 
cylindrical lenses 15 and 16 in the auxiliary scanning 
direction is positive. Therefore, each beam emitted by the 
semiconductor laser 11 (12) as a divergent beam and 
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collimated by the collimator lens 13 (14) is converged by 
the first optical system 17 to form the line-like image 
extending perpendicularly to the auxiliary scanning 
direction on a focal plane of the first optical system 17. 
[0044] The focal plane includes a position at which the 
beams emerged from the first optical system intersect with 
each other in the main scanning plane. 

[0045] An interval between adjacent line -like images 
formed by the beams emitted by the semiconductor laser 11 
is equal to a pitch between adjacent light emitting points 
of the semiconductor laser 11 multiplied by a total 
magnification of the collimator lens 13 and the first 
optical system 17. Also, an interval between line-like 
images formed by the beams emitted by the semiconductor 
laser 12 is equal to a pitch between adjacent light 
emitting points of the semiconductor laser 12 multiplied by 
a total magnification of the collimator lens 14 and the 
first optical system 17. 

[0046] Since, as described above, the semiconductor 
lasers 11 and 12 are shifted by 1/2 of the pitch between 
adjacent light emitting points of each semiconductor laser 
with respect to each other in the auxiliary scanning 
direction, the line- like images formed by the beams emitted 
by the semiconductor laser 11 and the line-like images 
formed by the beams emitted by the semiconductor laser 12 
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are alternately positioned in the auxiliary scanning 
direction on the focal plane. 

[0047] As shown in Fig. 2, the cylindrical lens 15 (16) 
has a central portion 15a (16a) having a cylindrical 
surface and a pair of side portions 15b (16b) which 
protrude from both ends of the central portion 15a in the 
main scanning direction. Each of the pair of the side 
portions 15b has the form of a flat plate and has a light 
source side surface 15c (16c) to be pressed against a 
supporting unit 18 (19) fixed to a frame (not shown). The 
light source side surface 15c (16c) of the cylindrical lens 
15 (16) is parallel with both of a direction of a 
generatrix of the cylindrical surface of the cylindrical 
lens 15 (16) and the auxiliary scanning direction. With 
this structure, the cylindrical lens 15 (16) can be fixed 
to the frame by the supporting unit 18 (19), 
[0048] More specifically, the supporting unit 18 (19) 
includes a rectangular solid 18b (19b) having a surface 18c 
(19c) to which the light source side surface 15c (16c) of 
the cylindrical lens 15 (16) is pressed, a spacer 18a (19a), 
and a spring 18d (19d) fixed to the frame on the opposite 
side of the rectangular solid 18b (19b) with respect to the 
side portions 15b (16b). The rectangular solid 18b (19b) is 
fixed to the frame (i.e., protrudes from the frame) such 
that the surface 18c (19c) is perpendicular to a symmetric 
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axis (shown by a chain line in Fig. 1) of the semiconductor 
lasers 11 and 12 (i.e., the symmetric axis of the 
collimator lenses 13 and 14). 

[0049] Since the spring 18d (19d) presses the light 
source side surface 15c (16c) of the cylindrical lens 15 
(16) against the rectangular solid 18b (19b) via the spacer 
18a (19a), the cylindrical lens 15 (16) is supported. 
[0050] As shown in Fig. 2, the spacer 18a (19a) has a 
plurality of thin plates. Accordingly, by changing the 
number of the thin plates of the spacer 18a (19a), a 
position of the cylindrical lens 15 (16) in a direction of 
an optical axis of the cylindrical lens 15 (16) and an 
angle of inclination of the cylindrical lens 15 (16) with 
respect to incident beams (i.e. , an optical axis of the 
collimator lens 13 (14)) in the main scanning plane can be 
adjusted individually. 

[0051] The beam deflected by the polygonal mirror 20 
enters the second optical system 30 as a beam which is 
collimated in the main scanning direction and is divergent 
in the auxiliary scanning direction. With regard to the 
main scanning direction, the second optical system 30 
converges the beam onto a position which has distance y 
(y=k0, where k is a scan coefficient and 6 is an angle of 
the beam with respect to the optical axis of the second 
optical system) from the optical axis. 
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[0052] With regard to the auxiliary scanning direction, 
the second optical system 30 converges each incident beam 
onto the scan target surface S and flips incident beams 
with respect to the optical axis . 

[0053] With this structure, a plurality of beam spots 
scanning in the main scanning direction at a constant speed 
are formed on the scan target surface S. 

[0054] Fig. 3 illustrates positions of the beam spots 
formed by the beams emitted from the light emitting points 
of the semiconductor lasers 11 and 12 on the scan target 
surface. A row of beam spots 41 which are formed by the 
beams from the semiconductor laser 11 have intervals 
corresponding to the intervals of the line -like images 
formed by the collimator lens 13 and the first optical 
system 17. Also, a row of beam spots 42 which are formed by 
the beams from the semiconductor laser 12 have intervals 
corresponding to the intervals of the line -like images 
formed by the collimator lens 14 and the first optical 
system 17. 

[0055] As shown in Fig. 3, the row of beam spots 41 and 
the row of beam spots 4 2 are separated by a certain 
distance in the main scanning direction. Also, beam spots 
of the row 41 and beam spots of the row 4 2 are alternately 
positioned in the auxiliary scanning direction. 
[0056] In Fig. 3, lines 41a- 41h represent loci of the 
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row of beam spots 41 and 42. As can be seen from Fig. 3, 
space D of the beam spots in each of the row 41 and the row 
42 is smaller than the length of the major axis of the beam 
spot. Further, the interval Q between adjacent loci is 1/2 
of the interval P between adjacent beam spots of each of 
the row 41 and the row 42. Consequently, the scan lines 
overlap with respect to each other, and thereby imaging 
quality can be enhanced. 

[0057] Since the position at which the line-like images 
are formed in the vicinity of the reflective surface of the 
polygon mirror 20 and the scan target surface S are set 
optically conjugate with each other by the second optical 
system 30, deviation of the scan lines on the scan target 
surface S in the auxiliary scanning direction caused by 
slight tilting (the so called "facet error") of each 
reflective surface of the polygon mirror 20 is corrected 
and eliminated. 

[0058] Meanwhile, there is a possibility that a 
magnification of the collimator lens 13 with respect to the 
light emitting points of the semiconductor laser 11 and a 
magnification of the collimator lens 14 with respect to the 
light emitting points of the semiconductor laser 12 are 
different from each other because the semiconductor lasers 
11 and 12 and the collimator lenses 13 and 14 are separate 
components and are mounted separately. In other words. 
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there is a possibility that intervals of the beam spots in 
the row 41 are different from intervals of the beam spots 
in the row 42. 

[0059] If such a phenomenon occurs, variation of 
intervals of the loci 40a-40h occurs. As a result, quality 
of the image formed on the scan target surface S 
deteriorates . 

[0060] For this reason, the scanning optical system 1 is 
configured such that the magnification of the collimator 
lens 13 and the first optical system 17 with respect to the 
semiconductor laser 11 and the magnification of the 
collimator lens 14 and the first optical system 17 with 
respect to the semiconductor laser 12 can be adjusted 
individually by changing the angles of inclination of the 
cylindrical lenses 15 and 16 with respect to the incident 
beams and the positions of the cylindrical lenses 15 and 16 
along the optical axis of the collimator lenses 13 and 14. 
That is, the magnification of the collimator lens 13 and 
the first optical system 17 with respect to the 
semiconductor laser 11 and the magnification of the 
collimator lens 14 and the first optical system 17 with 
respect to the semiconductor laser 12 can be adjusted to 
values different from each other. 

[0061] Adjustment of the angle of inclination and the 
position of the cylindrical lens 15 (16) will be described 
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in detail. Firstly, a worker mounts the light source 10, 
the collimator lenses 13 and 14, the first optical system 
17, the polygonal mirror 20, and the second optical system 
30 on the frame. Then, the worker places a test screen at a 
position at which the scan target surface S is located. 
[0062] Next, the semiconductor lasers 11 and 12 are 
energized alternately by the worker so as to measure the 
intervals of the beam spots of the row 41 and the intervals 
of the beam spots of the row 4 2 are measured. 
[0063] Based on the result of the measurement, the 
worker adjusts the position of the cylindrical lens 15 (16) 
along the optical axis of the cylindrical lens 15 (16) and 
the angle of inclination of the cylindrical lens 15 (16) 
with respect to the incident beams individually. That is, 
the worker adjusts the magnification of the collimator lens 
13 and the first optical system 17 with respect to the 
semiconductor laser 11 and the magnification of the 
collimator lens 14 and the first optical system 17 with 
respect to the semiconductor laser 12 individually. 
[0064] It should be noted that by adjusting the position 
of the cylindrical lens 15 (16) along the optical axis, a 
distance between the cylindrical lens 15 and the 
cylindrical lens 16 and a distance between the cylindrical 
lens 16 and the polygonal mirror 20 are also adjusted. 
[0065] By thus adjusting the magnifications, the 
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intervals between the beam spots of the row 41 and the 
intervals between the beam spots of the row 4 2 can be 
widened or narrowed individually. Therefore, all of the 
intervals of the beam spots of the rows 41 and 42 can be 
adjusted to have constant intervals. That is, an 
overlapping condition of the adjacent scan lines can be 
brought to an ideal condition. 

[0066] It should be noted that by adjusting the position 
of the cylindrical lens 15 (16) along the optical axis and 
the angle of inclination of the cylindrical lens 15 (16) 
with respect to the incident beams , a focal point of a 
total optical system including the collimator lens 13 (14) 
and the first optical system 17 can also be adjusted. 
Therefore, the intervals of the line-like images can be 
adjusted to have constant intervals while an ideal focusing 
condition of the line-like images can be accomplished. 
[O067] To adjust the position along the optical axis and 
the angle of inclination of both of the cylindrical lenses 
15 and 16 may be troublesome to the worker. For this reason, 
only one of the cylindrical lenses 15 and 16 may be 
adjusted. 

[0068] In a case where only one of the cylindrical 
lenses 15 and 16 is adjusted, there is a possibility that 
the focal point of a total optical system including the 
collimator lens 13 and the first optical system 17 for the 
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beam from the semiconductor laser 11 and the focal point of 
a total optical system including the collimator lens 14 and 
the first optical system 17 for the beam from the 
semiconductor laser 12 deviate from each other. 
[0069] To make this deviation of the focal points 
minimum, the cylindrical lens 16 of the first optical 
system 17 is configured to satisfy a condition (1): 
-1.2 < mc L2 < -0.8 (1) 

where m^ represents a design magnification of the 
cylindrical lens 16 in the auxiliary scanning direction. In 
this embodiment, mc L2 is approximately -1. 
[0070] If the design magnification nic^ is -1, the 
magnification of the total optical system including the 
first optical system 17 and the collimator lens 13 and the 
magnification of the total optical system including the 
first optical system 17 and the collimator lens 14 can be 
adjusted individually while a deviation between the focal 
points caused by adjusting one of the cylindrical lenses 15 
and 16 can be kept at a minimum. The inventor of this 
invention has found that if the condition (1) is satisfied, 
the amount of deviation of the beam spot on the scan target 
surface S can be kept within an allowed range. 
[0071] Hereafter, two numerical examples according to 
the embodiment will be described. 

[0072] In the following examples, there is a case where 
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the second optical system 30 has a rotationally 
asymmetrical optical surface. Meanwhile, such a 
rotationally asymmetrical optical surface does not have an 
optical axis as a symmetry axis of a rotationally 
symmetrical optical surface. Therefore, with regard to the 
rotationally asymmetrical optical surface, the term 
"optical axis" means an optical surface reference axis that 
passes through an origin that is set when the shape of the 
optical surface is described in a mathematical expression. 

[0073] FIRST EXAMPLE 

[0074] Since a first example has the configuration which 
is substantially the same as that show in Fig. 1, the fist 
example is explained using numerical references shown in 
Fig. 1. In the first example, the scan coefficient k is 200, 
a focal length of the second optical system 30 is 200.0 mm, 
and a scanning width by which the beam spot is scanned on 
the scan target surface S is 300 mm. 

[0075] A focal length of each of the collimator lenses 
13 and 14 is 8.7 mm. Each of the semiconductor lasers 11 
and 12 has four light emitting points. The pitch between 
adjacent light emitting points of each of the semiconductor 
lasers 11 and 12 is 14fim. An angle a (see Fig. 1) formed 
between the beam emitted from the semiconductor laser 11 
and the beam emitted from the semiconductor laser 12 in the 
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main scanning plane is 4°. 

[0076] TABLE 1 shows a concrete numerical configuration 
of the first example from the first optical system 17 
through the scan target surface S. In TABLE 1, for the 
first optical system 17, values along the symmetric axis 
are indicated. For the second optical system 30, values on 
the optical axis are indicated. 



[0077] TABLE 1 

No. _Ry Rz d N 

#1 00 -25.540 4.00 1.51072 

#2 oo oo 10.00 

#3 oo 16.000 4.00 15.1072 

#4 oo oo 60.000 

#5 45.00 

#6 -209.239 16.00 1.48617 

#7 -62.639 79.77 

#8 -488.088 32.779 7.00 1.48617 

#9 4586.696 110.38 

[0078] In TABLE 1 , the character "No." indicates surface 



numbers that are assigned to optical surfaces in the first 
example starting from a front surface (a beam incident 
surface) of the cylindrical lens 15. The #1 and #2 denote 
the front surface and a rear surface (a beam emerging 
surface) of the cylindrical lens 15, respectively. The #3 
and #4 denote a front surface and a rear surface of the 
cylindrical lens 16, respectively. The #5 denotes the 
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reflective surface of the polygonal mirror 20. The #6 and 
#7 denote a front surface and a rear surface of a lens 31 
of the second optical system 30, respectively. The #8 and 
#9 denote a front surface and a rear surface of a lens 32 
of the second optical system 30, respectively. 
[0079] The character D Ry" denotes a radius of curvature 
[mm] of each optical surface measured in the main scanning 
direction, and "Rz" denotes a radius of curvature [mm] of 
each optical surface measured in the auxiliary scanning 
direction. The character "d n denotes the distance [mm] 
between the optical surface and the next optical surface, 
and "N" denotes a refractive index of each lens at a design 
wavelength 780 nm. 

[0080] As can be seen from TABLE 1, the front surface of 
the cylindrical lens 15 is a cylindrical surface (a concave 
surface), and the rear surface of the cylindrical lens 15 
is a flat surface. The front surface of the cylindrical 
surface 16 is a cylindrical surface (a convex surface) , and 
the rear surface of the cylindrical lens 16 is a flat 
surface . 

[0081] The surfaces #6, #7 and # 9 are rotationally 
symmetrical aspherical surfaces . 

[0082] The rotationally symmetrical aspherical surface 
is expressed by a following equation: 
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where ATfA; represents a SAG amount which is a distance 
between a point on the aspherical surface at a height of h 
from the optical axis and a plane tangential to the 
aspherical surface at the optical axis, k represents a 
conical coefficient, and A 4 , A 6 and A 8 are aspherical 
coefficients of 4 th , 6 th and 8 th orders, respectively. The 
radii of curvatures of the rotationally symmetrical 
aspherical surfaces in TABLE 1 are those on the optical 
axis. The conical coefficient and aspherical coefficients 
of surfaces #6, #7 and #9 are indicated in TABLE 2. 

[0083] TABLE 2 

#6 #7 #9 

K 0.0 0.0 0.0 

A 4 2.20739E-07 4.50479E-07 -1.12222E-07 

A 6 1.69453E-11 7.38480E-11 2.01000E-12 

A B -1.36254E-14 1.13699E-14 -1.57552E-16 

[0084] The front surface #8 of the lens 32 is an 
anamorphic aspherical surface whose cross section in the 
main scanning direction is defined by a function of a 
height from the optical axis in the main scanning direction 
and whose curvature of a cross section in the auxiliary 
scanning direction is defined by a function of a height 
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from the optical axis in the main scanning direction. 
[0085] The anamorphic aspherical surface is defined by 
following equations . 




+ AM,Y + AM 2 Y 2 + AM 3 Y 3 + 



"•(3) 




"'(4) 



where X(Y) is a SAG amount which is obtained as a function 
of a coordinate Y extending in the main scanning direction. 
The SAG amount X(Y) represents a distance between a plane 
tangential to the anamorphic aspherical surface at the 
optical axis and a point on a curved line extending along 
the anamorphic aspherical surface in the main scanning 
direction and passing the optical axis thereof. 1/Ry 
represents curvature of the anamorphic aspherical surface 
in the main scanning direction at the optical axis. Further, 
l/Rz(Y) represents curvature of an arc extending in the 
auxiliary scanning direction, and the arc is intersecting 
the curved line at the point whose coordinate is Y. k 
represents a conical coefficient, and AM n is an aspherical 
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coefficient of n th order for the main scanning direction. 
AS n is an aspherical coefficient of n th order for 
determining the curvature in the auxiliary scanning 
direction . 

[0086] Values of the coefficients for the surface #8 are 
indicated in TABLE 3 • 

[0087] TABLE 3 

surface #8 (anamorphic aspherical surface) 



k=0 . 000 



AMi= 


0. 


00000E- 


00 


AS X = 


-2 


.06714E- 


06 


AM 2 = 


0. 


00000E- 


00 


AS 2 = 


-1 


.23135E- 


06 


AM 3 = 


0. 


00000E- 


00 


AS 3 = 


0 


. 00000E- 


00 


AM 4 = 


6. 


44055E- 


08 


AS 4 = 


3 


. 72299E- 


11 


AM 5 = 


0. 


00000E- 


00 


AS 5 = 


0 


.00000E- 


00 


AM 6 = 


-8. 


52286E- 


12 


AS 6 = 


0 


. 000OOE- 


00 


AM 7 = 


0. 


00000E- 


00 


AS 7 = 


0 


.000O0E- 


00 


AM 8 = 


1. 


95991E- 


16 


AS 8 = 


0 


• 00000E- 


00 



[0088] The TABLE 4 indicates change of the interval 
between the adjacent beam spots for each of the row of 
beams 41 and the row of beams 4 2 when only the angle of 
inclination of the cylindrical lens 15 is changed. 



[0089] TABLE 4 

Angle of Interval of beam Interval of beam 

inclination spots the row 42 spots of the row 41 

-10° 0.08354 0.08509 

-5° 0.08390 0.08467 

0° 0.08428 0.08428 
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5° 
10° 



0.08467 
0.08494 



0 .08390 
0.08354 



[0090] In TABLE 4, the angle of inclination represents 
an angle of the generatrix of the cylindrical surface of 
the cylindrical lens 15 with respect to a line 
perpendicular to the symmetric axis of the cylindrical lens 
15. Therefore, the angle of inclination of 0° means a 
condition in which the generatrix of the cylindrical 
surface of the cylindrical lens 15 is perpendicular to the 
symmetric axis in the main scanning plane. 

[0091] The angle of inclination having positive values 
means a condition in which the generatrix of the 
cylindrical face of the cylindrical lens 15 is inclined 
counterclockwise on Fig. 1 about its center (i.e., an 
intersection point between the symmetric axis and a line 
passing through a center position in a direction of its 
thickness) . 

[0092] The "interval of beam spots of the row 4 2" in 
TABLE 4 represents the interval P (see Fig. 3) of the 
adjacent beam spots of the row 42 formed by the beams from 
the semiconductor laser 12. The "interval of beam spots of 
the row 41" represents the interval P (see Fig. 3) of the 
adjacent beam spots of the row 41 formed by the beams from 
the semiconductor laser 11. 

[0093] It is understood from TABLE 4 that by only 
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adjusting the angle of inclination of the cylindrical lens 
15, the interval of beam spots of the row 41 and the 
interval of beam spots of the row 4 2 can be changed 
individually . 

[0094] Fig. 4A is a graph illustrating an f0 error of 
the second optical system 30 according to the first example. 
In Fig. 4A, a vertical axis represents a height Y from the 
optical axis of the second optical system 30 on the scan 
target surface S, and a horizontal axis represents a shift 
amount of the actual position of the beam spot from an 
ideal position of the beam spot (i.e., the image height y 
defined according to the above expression y=k9) . 
[0095] Fig. 4B is a graph illustrating curvature of 
field of the second optical system 30 according to the 
first example. In fig. 4B, a vertical axis represents the 
height Y from the optical axis of the second optical system 
30 on the scan target surface S, and a horizontal axis 
represents a shift amount of the focal point in the 
direction of the optical axis. In Fig. 4B # a dashed line 
(M) represents curvature of field in the main scanning 
direction, and a solid line (S) represents curvature of 
field in the auxiliary scanning direction. 

[0096] As can be seen from Figs . ' 4A and 4B, aberrations 
of the scanning optical system of the first example are 
sufficiently low. 
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[0097] SECOND EXAMPLE 

[0098] Fig. 5 is a top view of a scanning optical system 
200 according to a second example. In Fig. 5, to elements 
which are the same as those shown in Fig. 1, the same 
reference numbers axe assigned, and explanations thereof 
are not repeated. 

[0099] In the second example, the scan coefficient k is 
180, a focal length of the second optical system 30 is 
180.0 mm, and a scanning width by which the beam spot is 
scanned on the scan target surface S is 216 mm. 
[0100] A focal length of each of the collimator lenses 
13 and 14 is 7.5 mm. Each of the semiconductor lasers 11 
and 12 has two light emitting points. The pitch between 
adjacent light emitting points of each of the semiconductor 
lasers 11 and 12 is 14jjuti. The angle a (see Fig. 5) formed 
between the beam emitted from the semiconductor laser 11 
and the beam emitted from the semiconductor laser 12 in the 
main scanning plane is 4°. 

[0101] TABLE 5 shows a concrete numerical configuration 
of the second example from the first optical system 17 
through the scan target surface S. Symbols and fields of 
TABLE 5 have the same meanings as those of TABLE 1. 

[0102] TABLE 5 



30 



No. 


Ry 


Rz 




d 






N 


#1 


OO 


-25. 


540 


4 . 


00 


1 


. 51072 


#2 


00 


00 




47. 


35 







#3 


OO 


24. 


800 


4. 


00 


1 


. 51072 


#4 


OO 


-24. 


800 


48. 


60 




— 


#5 




— 




45. 


00 




— 


#6 


-198 .000 






8 . 


25 


1 


. 48617 


#7 


-103 . 850 






2. 


00 






#8 


-1083 . 220 






10. 


00 


1 


.48617 


#9 


-130.000 






115. 


65 






#10 


-1000 . 000 


35. 


627 


5. 


00 


1 


.48617 


#11 


-1000 . 000 






60. 


30 







[0103] In TABLE 5, #1 and #2 denote a front surface (a 

beam incident surface) and a rear surface (a beam emerging 
surface) of the cylindrical lens 15 , respectively. The #3 
and #4 denotes a front surface and a rear surface of the 
cylindrical lens 16, respectively. The #5 denotes the 
reflective surface of the polygonal mirror 20. The #6 and 
#7 denote a front surface and a rear surface of a lens 31 
of the second optical system 30, respectively. The #8 and 
#9 denote a front surface and a rear surface of a lens 3 2 
of the second optical system 30 , respectively. The #10 and 
#11 denote a front surface and a rear surface of a lens 33 
of the second optical system 30, respectively. 
[0104] As can be seen from TABLE 5, the front surface of 
the cylindrical lens 15 is a cylindrical surface (a concave 
surface), and the rear surface of the cylindrical lens 15 
is a flat surface. The front surface of the cylindrical 
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lens 16 is a cylindrical surface (a convex surface), and 
the rear surface of the cylindrical lens 16 is a flat 
surface. Surfaces #8, #9 and #11 axe spherical surfaces. 
[0105] The surfaces #6, #7 are rotationally symmetrical 
aspherical surfaces expressed by the equation (2). The 
conical coefficient and aspherical coefficients of surfaces 
#6, #7 are indicated in TABLE 6. 

[0106] TABLE 6 

#6 #7 

0.0 0.0 
8 . 66207E-08 -2 . 6489 2E-08 

2 . 51495E-10 1 . 29004E-10 

1 . 49724E-14 3 . 2 137 IE- 14 

[0107] The front surface #10 of the lens 33 is an 
anamorphic aspherical surface expressed by the equations 
(3) and (4). Values of the coefficients for the surface #10 
are indicated in TABLE 7 . 



K 

A 4 
A 6 
A 8 



[0108] TABLE 7 

surface #10 (anamorphic aspherical surface) 



K=0 . 000 



AMi= 


0 


. 00000E- 


00 


AS X = 


0 . 


00000E- 


00 


AM 2 = 


0 


.00000E- 


00 


AS 2 = 


-8 . 


84504E- 


07 


AM 3 = 


0 


.0OO00E- 


00 


AS 3 = 


0. 


00000E- 


00 


AM 4 = 


4 


. 28542E- 


08 


AS 4 = 


2. 


20583E- 


11 


AM 5 = 


0 


.00000E- 


00 


AS 5 = 


0. 


00000E- 


00 


AM 6 = 


-9 


.52269E- 


13 


AS 6 = 


0. 


00000E- 


00 


AM 7 = 


0 


. 00000E- 


00 


AS 7 = 


0. 


O0000E- 


00 
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£0109] The TABLE 8 Indicates change of the Interval 
between the adjacent beam spots for each of the row of 
beams 41 and the row of beams 42 when only the angle of 
inclination of the cylindrical lens 16 is changed. Symbols 
and fields of TABLE 8 have the same meanings as those of 
TABLE 4. 



[0110] TABLE 8 

Angle of 
inclination 

-10° 

0° 
5° 
10° 



Interval of beam 
spots the row 42 

0.08511 

0.08485 

0.08446 

0.08392 

0.08332 



Interval of beam 
spots of the row 41 
0.08320 
0 . 08391 
0.08445 
0.08484 
0 .08510 



[0111] Fig. 6A is a graph illustrating an f6 error of 
the second optical system 30 according to the second 
example. In Fig. 6A, a vertical axis represents a height Y 
from the optical axis of the second optical system 30 on 
the scan target surface S, and a horizontal axis represents 
a shift amount of the actual position of the beam spot from 
an ideal position of the beam spot (i.e., the image height 
y defined according to the above expression y=k0) . 
[0112] Fig. 6B is a graph illustrating curvature of 
field of the second optical system 30 according to the 
second example. In Fig. 6B, a vertical axis represents the 
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height Y from the optical axis of the second optical system 
30 on the scan target surface S, and a horizontal axis 
represents a shift amount of the focal point in the 
direction of the optical axis. In Fig. 6B, symbols M and S 
have the same meanings as those of Fig. 4B. 
[0113] As can be seen from Figs. 6A and 6B, aberrations 
of the scanning optical system of the second example are 
sufficiently low. 

[0114] As described above, according embodiment of the 
present invention, it is possible to make scan lines on the 
scan target surface overlap one another without employing 
an expensive anamorphic optical system and without loss of 
light power of laser beams. 

[0115] Although the present invention has been described 
in considerable detail with reference to a certain 
preferred embodiment thereof, other embodiments are 
possible. 

[0116] The present disclosure relates to the subject 
matter contained in Japanese Patent Application No . P2002- 
309518, filed on October 24, 2002, which is expressly 
incorporated herein by reference in its entirety. 
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